Dopamine D 4 receptor (DRD4) gene variation has been associated with biased attention for contextually relevant information (e.g. images of cigarettes among smokers). No research has examined whether DRD4 variation is associated with biased attention for contextually cued emotion stimuli, an important putative intermediate phenotype for a number of pathologies (e.g. depression and anxiety). We conducted two studies examining the relationship between the DRD4 variable number tandem repeats polymorphism and attention bias for facial expressions of emotion following a mood-state manipulation in healthy young adult samples. Study 1 demonstrated that long (i.e. seven or greater tandem repeats) DRD4 allele carriers vs. short DRD4 homozygotes had increased attention for sad facial stimuli, but only after a sad mood provocation. Study 2 demonstrated an association between the long DRD4 allele and attention for negative stimuli (sad and fear expressions) following a sad mood provocation. These studies are the first to demonstrate an association between the long DRD4 allele and biased attention for contextually cued emotion stimuli, an important cognitive mechanism thought to increase risk for affective psychopathology. Implications of these studies for vulnerability and plasticity models of psychiatric genetics are discussed.
Introduction
The dopamine system is hypothesized to play a crucial role in regulating attentional processes. In particular, the variable number tandem repeats (VNTR) polymorphism in exon III of the dopamine D 4 receptor (DRD4) gene is associated with dysregulation and modulation of the attentional system. For example, presence of an allele with seven or more repeats (a 'long ' allele) is associated with attention-deficit hyperactivity disorder (ADHD ; Faraone et al. 2005 ; Kuntsi et al. 2006) and difficulties with sustained attention in infants and young children (Auerbach et al. 2001 ; Schmidt et al. 2001) compared to individuals with two alleles with fewer than seven repeats (' short ' alleles) . The long allele is also associated with retrospective reports of increased difficulties with attention and increased dysphoria in childhood compared to individuals without the long allele (Levitan et al. 2003) .
The DRD4 also appears to influence attention for salient cues. For instance, the DRD4 long allele is associated with greater attention to smoking cues in current smokers (Hutchison et al. 2002) and increased selective attention for smoking-related stimuli in exsmokers (Munafò & Johnstone, 2008) . Functional neuroimaging data suggest that the DRD4 long allele is associated with increased neural response in the superior frontal gyrus and insula to smoking cues in smokers (McClernon et al. 2007) . That is, smokers with the long DRD4 allele demonstrated a greater neural response to smoking cues compared to individuals homozygous for the short allele. This suggests that the DRD4 VNTR polymorphism moderates the relationship between smoking status and attention to smoking-relevant information.
Although these studies indicate that DRD4 variation is associated with attention for contextually relevant information among smokers, biases for contextually relevant information also have an important role in other neuropsychiatric disorders, such as depression (Leppänen, 2006) , anxiety (Bar-Haim et al. 2007 ) and eating disorders (Lee & Shafran, 2004) . Attention for disorder-relevant information is hypothesized to contribute to maintenance of these conditions through continued attentional focus on, and elaboration of, the disorder-relevant material. Additionally, these biases often appear to be context specific for each of the disorders. For example, individuals with depression demonstrate biased attention for sad faces but not for angry faces (Gotlib et al. 2004 ) and individuals with social anxiety display biases for socially threatening information (Schultz & Heimberg, 2008) . Due to the hypothesized importance of biased attention in the aetiology and maintenance of psychological disorders, and the apparent context specificity of these biases, attention for contextually relevant stimuli may represent a promising intermediate phenotype for the expression of vulnerability for a number of psychiatric conditions.
In the current studies, we sought to examine whether DRD4 variation might contribute to biased attention for context-relevant stimuli. We manipulated context by measuring attention bias for emotional faces in both a naturally euthymic mood and an experimentally provoked sad mood. Emotional facial expressions represent powerful, interpersonally relevant, ecologically valid stimuli (Ekman, 1993) and may be interpreted as contextually relevant, depending on the mood of the individual. We examined attention bias in psychologically healthy individuals to better study the impact of DRD4 variation on attention bias independent from the effects of psychopathology. In each study, we experimentally provoked a sad mood among participants and subsequently measured biased attention for sad and happy stimuli in study 1 and sad and fearful stimuli in study 2. Consistent with previous research, we hypothesized that the presence of the long DRD4 allele would be associated with increased attentional bias for contextually relevant information. That is, the long DRD4 allele would be associated with increased attentional bias for sad stimuli in the context of a sad mood provocation, but not in the context of a euthymic mood.
Study 1

Method
Participants
Participants were 186 healthy young adults recruited at the University of Texas at Austin. Interviewers used structured clinical interviews to determine the presence of current or past psychopathology. Exclusion criteria included presence of any current or past mood, anxiety, substance use, psychotic or eating disorder. In addition, all participants had Beck Depression Inventory II (BDI-II ; Beck et al. 1996) scores of f12 and were unmedicated at the time of testing. Genotype data were unavailable for six participants, leaving a final sample size of 180. Participants partially fulfilled a research requirement for an introductory psychology course by completing this study. The Internal Review Board at the University of Texas at Austin approved all procedures.
Assessments
Structured clinical interview for DSM-IV. To assess exclusion criteria, the patient version of the Structured Clinical Interview for DSM-IV (SCID ; First et al. 1995) was administered at the time of study participation. Twenty percent of all interviews were rated by an independent assessor. Agreement between study and independent assessor was perfect for diagnoses for mood, anxiety, psychotic and eating disorders. Agreement for substance dependence (k=0.66) and alcohol abuse (k=0.79) was acceptable.
BDI-II. The BDI-II (Beck et al. 1996 ) is a widely used 21-item, self-report questionnaire that assesses symptoms of depression. The BDI-II has demonstrated adequate internal consistency, test-retest reliability and construct validity (Dozois et al. 1998) . A score of f12 is considered non-depressed (Dozois et al. 1998) .
Current mood. Current sad and happy mood were each measured independently with a single-item scale ranging from 1 (' not at all sad ' or ' not at all happy') to 9 (' very sad ' or ' very happy'). These manipulation check measures were intended to be brief and face valid assessments of mood. This approach is commonly used in mood provocation studies (van der Does, 2002a) . Current mood was measured before and after each experimental mood condition.
Mood conditions. Participants completed the dot-probe task (described below) in both neutral (euthymic) and sad mood conditions. Consistent with previous work using a sad mood provocation (Segal et al. 1999 (Segal et al. , 2006 van der Does, 2002a) , in the sad mood condition participants listened to sad music while imagining a time in their life when they were very sad. The sad music (Samuel Barber's Adagio for Strings) has been effectively used to induce a sad mood in previous mood provocation research (Hunt & Forand, 2005) . This type of sad mood provocation is effective in eliciting a temporary sad mood (van der Does, 2002b) .
In the neutral (euthymic) mood condition, the participants listened to neutral music while thinking of their day in as much detail as possible. They were instructed to think about the details of their day rather than their feelings throughout the day. The neutral music (Wolfgang Amadeus Mozart's Concerto no. 17 in G Major) was shown in pilot testing to neither increase nor decrease a sad or happy mood. Instructions for both conditions were presented via a computer monitor and the prompt (to imagine a sad time in their life or to think of the details of their day) remained on the screen for the duration of the music (approximately 7 min).
Genotyping. Genomic DNA was collected and isolated from buccal swabs using published procedures (Freeman et al. 1997 ; Lench et al. 1988) . The 48-bp VNTR in exon 3 of the DRD4 gene was assayed using previously reported methods (McGeary et al. 2006 (McGeary et al. , 2007 . In short, polymerase chain reactions (PCRs) contained 1 ml genomic DNA (f20 ng), 10 % DMSO (Hybra-Max 1 grade ; Sigma, USA), 1.8 mM MgCl 2 , 180 mM deoxynucleotides, with 7k-deaza-2k-deoxyGTP (Roche Applied Science, USA) substituted for one half of the dGTP, forward and reverse primers (DRD4, 480 nM, obtained from IDT, USA) and 1 U AmpliTaq Gold 1 polymerase (ABI, USA), in a total volume of 20 ml. Amplification was performed using touchdown PCR. A 95 xC incubation for 10 min is followed by two cycles of 95 xC for 30 s, 65 xC for 30 s and 72 xC for 60 s. The annealing temperature is decreased every two cycles from 65 to 57 xC in 2 xC increments (10 cycles total) and a final 30 cycles of 95 xC for 30 s, 65 xC for 30 s and 72 xC for 60 s and a final 30-min incubation at 72 xC. After amplification, 2 ml PCR product is combined with 20 ml Hi-Di formamide and 0.5 ml Genescan 500 ROX Size Standard (ABI, USA). Then, 0.5 ml of this mixture undergoes electrophoresis with an ABI 3130xl DNA sequencer using unmodified protocols supplied by the company. Ten percent of samples were randomly selected to be re-run and all calls were consistent between these runs. Of 186 samples, 180 (96.8 %) were genotyped successfully. Allele sizes are scored by two investigators independently and inconsistencies are reviewed and rerun when necessary. The primer sequences were forward, 5k-AGGACCCTCATGGCCTTG-3k (fluorescently labelled) and reverse, 5k-GCGACTACGTGGTCTACTCG-3k (Lichter et al. 1993) . The distribution of DRD4 genotypes can be seen in Table 1 . Results of an exact test for Hardy-Weinberg proportions using Markov chainMonte Carlo implementation (Guo & Thompson, 1992) indicate that our observed genotype frequencies do not differ from the Hardy-Weinberg equilibrium (HWE ; p=0.6779). For statistical analyses, participants were grouped by number of repeats in the VNTR by conventional methods with DRD4 long composed of those with at least one copy of the seven or greater repeats and those in the DRD4 short group being those who had neither copy being greater than six repeats (McGeary, 2009 ).
Dot-probe task. Each trial began with a white fixation cross on a black background in the middle of the screen for 500 ms, followed by a pair of faces presented for 1000 ms. Face pairs consisted of one emotional (happy or sad) face and one neutral face of the same actor. Stimuli appeared in the left and right halves of the screen. Following the offset of the images, a small white asterisk probe on a black background (Ekman & Friesen, 1976) photo set. Human faces were selected because they have been used successfully in this paradigm in previous research (Gotlib et al. 2004) . Eight faces (four female, four male) were selected from happy and sad emotional expressions and then paired with the neutral emotional expression of the same actor. The block of 16 face pairs was presented seven times for a total of 112 trials. Each block of 16 face pairs was fully randomized for each participant.
Participants sat approximately 60 cm from a 17-inch computer monitor. Each stimulus was approximately 10.5r17 cm (10xr16.1x visual angle) when presented on the screen and the face pairs were spaced approximately 20 cm (18.9x visual angle) apart when measured from the centre. Participants were told that their goal was to locate the position of the asterisk (' left ' or 'right ') as quickly and accurately as possible. They used their left index finger to press the 'D ' key when the asterisk appeared in the location of the left image and their right index finger to press the 'K' key when the asterisk appeared in the location of the right image. Participants completed 10 practice trials using neutral-neutral face pairs and repeated the practice until they responded accurately to at least eight of the 10 practice trials.
Consistent with previous research (Gotlib et al. 2004) , attentional bias scores were calculated for each participant using the following equation :
where R=right position, L=left position, p=probe and e=emotional word stimulus. Therefore, RpLe indicates the mean response latency when the probe is in the right position and the emotional word stimulus is in the left position, and so on. Positive bias scores indicate a bias toward the emotional stimuli while negative bias scores indicate a bias away from the emotional stimuli.
Procedure
Mass pre-testing identified participants who scored <4 on the short-form of the Beck Depression Inventory (Beck et al. 1974) . Upon arrival at the laboratory, trained interviewers administered the SCID to confirm the absence of any current or past psychopathology. Participants meeting diagnostic criteria for a current or past mood, anxiety, psychotic, substance use or eating disorder were excluded, as were participants currently taking a psychotropic medication. Participants were then randomized by computer to receive either the neutral or sad mood condition and subsequently completed the dot-probe task. Participants then returned 24-96 h later to receive the other mood condition and again complete the dotprobe task. As a manipulation check, current mood was assessed immediately before and after each mood condition with the single item scales.
Results
Sample characteristics
Descriptive statistics for the sample are presented in Table 2 by DRD4 status. There were no significant differences between allele groups for age (F 1,179 <1, p=0.35), gender (x 2 1,178 =0.50, p=0.48), race, (x 2 1,176 = 0.03, p=0.86) or depressive symptoms (F 1,179 <1, p=0.87).
Data reduction
We deleted trials with incorrect responses (0.6 % of all trials) and did not include them in analyses. Consistent with prior research (Gotlib et al. 2004) , we deleted reaction times that were faster than 150 ms or slower than 1000 ms (1.1 %). Together, these procedures resulted in the exclusion of <1.8 % of the data.
Manipulation check
The sad mood provocation successfully increased sad mood, t 179 =14.45, p<0.001, Cohen's d=1.42 and decreased happy mood, t 179 =13.79, p<0.001, Cohen's d=1.18. Participants experienced a mean increase of 2.6 points (S.D.=2.4) for sadness and a mean decrease of 2.1 points (S.D.=2.1) for happiness on the respective 9-point scales. The neutral mood condition did not change sad (t 179 =1.02, p=0.31) or happy (t 179 <1, p=0.99) mood. There were no effects of DRD4 genotype on change in sad (F 1,179 <1, p=0.40) or happy (F 1,179 <1, p=0.79) mood after the neutral condition. Similarly, there was no genotype effect for change in sad mood after the sad mood provocation, F 1,179 <1, p=0.42. However, there was a non-significant DRD4 effect for change in happy mood following the sad provocation, 
DRD4 variation and attention bias
A 2 (DRD4 genotype : short-short, long-carrier)r2 (mood condition : neutral, sad) repeated measures analysis of variance (ANOVA) was conducted with change in attention bias score from neutral to sad mood as the within-subjects factor. For attention bias for sad stimuli, there was no significant main effect for DRD4 genotype, F 1,178 <1, p=0.92, but there was a significant main effect for mood condition, F 1,178 =4.14, p=0.043, partial x 2 =0.023. More importantly, the DRD4 genotypermood condition interaction was also statistically significant, F 1,178 =4.47, p=0.036, partial x 2 =0.025. The DRD4 genotypermood condition interaction on attention bias for sad stimuli remained significant when self-reported race was entered as a covariate, F 1,177 =4.43, p=0.037, partial x 2 =0.024. Mood condition order did not significantly interact with attention for sad stimuli, F 1,178 <1, p=0.42. Posthoc analyses indicated a significant increase in bias for sad faces (mean=9.2 ms, S.D.=32.6) after the sad mood provocation relative to neutral mood in DRD4 long allele carriers, t 62 =2.25, p=0.028, Cohen's d=0.41. Bias for sad faces did not change significantly in short allele homozygotes, t 116 <1, p=0.62. There were no significant differences for attention bias for sad stimuli between genotype groups in either the neutral mood (t 178 =1.42, p=0.16) or sad mood (t 178 =1.52, p=0.13) conditions. These results can be seen in Fig. 1 .
For attention bias for happy stimuli, an identical repeated measures ANOVA revealed no significant main effects for DRD4 genotype, F 1,178 <1, p=0.55, 
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Discussion
The findings from study 1 provide initial evidence that DRD4 long allele carriers demonstrate a significant shift in attention towards sad stimuli after a sad mood provocation relative to a neutral mood condition. In contrast, participants homozygous for the short allele did not demonstrate a change in attention bias for sad stimuli. Furthermore, the bias demonstrated by long allele carriers was specific to sad stimuli. Neither allele group demonstrated a change in bias for happy stimuli. This is the first evidence that DRD4 genotype influences selective attention for contextually cued emotional information in a carefully selected psychiatrically healthy sample. Nonetheless, it is important to replicate and extend these findings for two reasons. First, initial behavioural genetics findings are often not replicated (Ioannidis et al. 2001) . Although the sample size of our study 1 considerably exceeded the sample sizes of previous studies examining the association between DRD4 variation and smoking cues in smokers and exsmokers (Hutchison et al. 2002 ; Munafò & Johnstone, 2008) , we considered it prudent to replicate the results to increase confidence that the findings are valid. Second, we added face stimuli expressing fear to the dot-probe task to assess the specificity of the bias exhibited by DRD4 long allele carriers. We wanted to determine if the attentional bias would be specific to sad faces or if it would generalize to other negative emotions (i.e. fear). Therefore, we conducted a second study with this modification to replicate and extend our initial findings.
Study 2
For study 2, we recruited a convenient sample of nondepressed young adults who provided buccal cells for genetic analyses and completed the dot-probe task before and after a sad mood provocation. Fearful faces, in addition to sad faces, were presented in the dotprobe task. On the basis of findings from study 1, we expected long DRD4 allele carriers to demonstrate increased bias for sad faces after the sad mood provocation. Addition of the fearful faces to the dot-probe task allowed us to test the specificity of this bias ; however, given the lack of previous research, we did not make a specific hypothesis regarding the association between the long allele and attention bias for fearful faces.
Method
Participants
Participants were 166 non-depressed young adults recruited from introductory psychology classes at the University of Texas at Austin. All participants had BDI-II scores of f12, reported no history of depression and were unmedicated at the time of testing. Genotype data were unavailable for three participants, leaving a final sample of 163. Participants partially fulfilled a research requirement by completing this study. The Internal Review Board at the University of Texas at Austin approved all procedures.
Assessments
Inventory to diagnose depression -lifetime version. The Inventory to Diagnose Depression -Lifetime Version (IDD-L ; Zimmerman et al. 1986 ) is a 22-item self-report inventory designed to assess the presence and severity of the diagnostic criteria for a major depressive episode. The IDD-L has good agreement with diagnostic interview on presence of a previous major depressive episode (Goldston et al. 1990 ).
Current mood. Due to the lack of differences in mood change, as measured with two separate sad and happy mood scales, current mood was measured with a single item incorporating both sad and happy mood ranging from 1 (very sad) to 9 (very happy).
Sad mood provocation. Participants completed only a sad mood provocation. The procedure for the provocation was identical to that used in study 1.
Genotyping. Genotyping methods were identical to study 1. In study 2, 163 of 166 samples (98.2 %) were genotyped successfully. The distribution of DRD4 genotypes can be seen in Table 1 . Using the same methods as study 1, results of an exact test for Hardy-Weinberg proportions indicate that our observed genotype frequencies differ significantly from HWE (p=0.002316).
Dot-probe task. The dot-probe task was identical to the one used in study 1 with a few exceptions. In study 2, 12 faces (six female, six male) were selected from each emotional category (sad and fearful) and then paired with the neutral expression of the same actor. The block of 24 face pairs was presented three times for a total of 72 trials.
Procedure
Mass pre-testing identified participants who scored <4 on the short-form of the Beck Depression Inventory (Beck et al. 1974) . Upon arrival to the laboratory, depression severity was re-assessed using the BDI-II and history of depression was assessed with the IDD-L. Participants with BDI-II scores >12, a history of depression according to the IDD-L or currently taking psychotropic medications were excluded from the study. Participants who qualified completed a demographics form and provided buccal cells via a cheek swab and mouthwash for genotyping. Next, participants completed the dot-probe task. They then completed a sad mood provocation and again completed the dot-probe task. Current mood was also assessed immediately before and after the mood provocation with the single item scale. In contrast to study 1, all assessments were administered in one laboratory session.
Results
Sample characteristics
Descriptive statistics for the sample are presented in Table 2 by DRD4 status. There were no significant differences between allele groups for age, F 1,161 =1.0, p=0.32, gender, x 2 1,163 =1.23, p=0.27, race, x 2 1,163 =0.73, p=0.39 or depressive symptoms, F 1,162 <1, p=0.93.
Data reduction
As in study 1, we deleted trials with incorrect responses and did not include them in analyses (0.5 % of all trials). Furthermore, we deleted reaction times that were faster than 150 ms or slower than 1000 ms (0.5 %). Together, these procedures resulted in the exclusion of <1.1 % of the data.
Manipulation check
A paired samples t test indicated a significant increase in sadness following the sad mood provocation, t 162 =15.54, p<0.001, Cohen's d=1.25, with participants experiencing a mean change of 1.88 points (S.D.=1.54) on the 9-point scale. Mean pre-provocation mood was 6.25 (' somewhat happy') and mean postprovocation mood was 4.37 (' somewhat sad '). There was no effect of DRD4 genotype on change in mood, F 1,162 =1.75, p=0.19.
DRD4 variation and attention bias
Due to the lack of an a priori hypothesis regarding differences between the sad and fear stimuli, we conducted a 2 (DRD4 genotype : short-short, longcarrier)r2 (time : pre-mood provocation, post-mood provocation)r2 (stimulus type : sad, fearful) mixed plot ANOVA with attention bias score pre-and postmood provocation as the within-subjects factor. There were no significant main effects for DRD4 genotype, F 1,161 =3.0, p=0.08, time, F 1,161 =2.06, p=0.15 or stimulus type, F 1,161 =2.07, p=0.15. However, there was a significant DRD4 genotypertime interaction, F 1,161 =9.66, p=0.002, partial g 2 =0.057. The DRD4 genotypertime interaction on attention bias remained significant when self-reported race was entered as a covariate, F 1,160 =8.89, p=0.003, partial g 2 =0.053. The DRD4 genotyperstimulus type interaction and the three way interaction were not significant, F's 1,161 <1, p=n.s.
Due to the lack of interaction between stimulus type and our other variables, we collapsed the sad and fear stimuli into a single negative stimuli category to investigate the genotype by time interaction. This interaction was driven by an increase in bias for negative stimuli among long allele carriers following the sad mood provocation, t 93 =2.73, p=0.008, Cohen's d=0.36. There was no change in bias for negative stimuli among short allele homozygotes, t 231 =1.53, p=0.13. There was no significant difference between genotype groups in attention bias for negative stimuli prior to the sad mood provocation, t 324 <1, p=0.55. However, there was a significant difference between 
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General discussion
Results from these two studies suggest that the long DRD4 allele is associated with a shift in attention towards negative information during a sad mood in psychiatrically healthy young adults. Study 1 showed that long allele carriers demonstrated increased attentional bias for sad facial stimuli after a sad mood provocation compared to a neutral mood condition. Study 2 replicated and extended these findings. In study 2, long allele carriers demonstrated increased attentional bias for both sad and fearful stimuli after a sad mood provocation. These studies are the first to demonstrate an association between DRD4 variation and selective attention for contextually cued emotion stimuli in a psychiatrically healthy sample. Our results are consistent with the suggestion that the DRD4 behaves as a ' plasticity ' gene rather than a vulnerability gene (Belsky et al. 2009 ). That is, rather than a particular allele simply conferring risk in the context of exposure to adverse environmental stimuli, the ' risk' allele may lead to increased susceptibility to environmental influence in general. For example, the DRD4 long allele has been associated with increased vulnerability to ADHD in the context of prenatal smoking exposure, but also with reduced vulnerability in the absence of prenatal smoking exposure (Pluess et al. 2006) . The current studies, along with those examining attention to smoking cues in smokers and ex-smokers (Hutchison et al. 2002 ; Munafò & Johnstone, 2008) , suggest that one potential mechanism through which the long allele increases susceptibility to environmental stimuli may be increased salience of contextually relevant information. Future studies examining selective attention for emotional information after a positive mood provocation would help to further clarify the potential plastic relationship between DRD4 variation and attentional bias for enhanced stimulus salience.
Biased attention for disorder-relevant stimuli has been associated with a broad range of psychiatric conditions, including problem drinking, anxiety, depression and paranoia (Ceballos et al. 2009 ; Mogg & Bradley, 2005 ; Moritz & Laudan, 2007) . Our results suggest that psychiatrically healthy individuals also display biased attention for contextually relevant emotional stimuli and that DRD4 variation contributes to this process. Thus, contextually relevant attention bias represents a potential intermediate phenotype that is observable in the context of ' normal' negative mood in addition to the pathological mood states observed in depression, anxiety and other psychiatric disorders.
Our results also have potential implications for treatment of psychiatric problems. Recent research has shown that attention training with disorder-relevant stimuli can reduce symptoms of anxiety, depression and problem drinking (Amir et al. 2009 ; Fadardi & Cox, 2009 ; Schmidt et al. 2009 ; Wells & Beevers, 2010) . If attention to contextually relevant stimuli is found to be a reliable intermediate phenotype of the DRD4, intervention programmes could be refined and more efficiently targeted at those most likely to benefit, such as DRD4 long allele carriers, thereby increasing the potency of such treatments.
Findings from the present study should be interpreted with some limitations in mind. First, our analyses were limited to one candidate gene, but several genes likely play a role in attention for emotional stimuli (Beevers et al. 2009 ). In addition, the possibility that the DRD4 is in linkage disequilibrium with another functional genetic marker should be considered as a possible explanation for the observed effects. Population stratification is a potential concern in any genetic association study (Hutchison et al. 2004 ). This confound is unlikely as allele frequencies did not significantly differ across race. Furthermore, we included self-reported race as a covariate in our primary analyses in each study and the results maintained statistical significance with a similar magnitude of effect size. This approach has been suggested to account for much of the effect of stratification and thus may play an important role in the control for population structure (Liu et al. 2006 ; Sinha et al. 2006 ; Tang et al. 2005) . Future studies could include ancestry informative markers to even more rigorously control for potential population stratification (Kosoy et al. 2009 ). Finally, genotype frequency in study 2 differed significantly from HWE. As such, results from study 2 should be interpreted cautiously as the genetotypic distribution of this sample may not represent a nonrandom sample of the population. However, we note that, despite the study 2 sample differing significantly from HWE, the results are consistent with those in study 1, which did not differ from HWE.
Despite these limitations, we believe that these studies make an important and interesting contribution to understanding the role of the VNTR polymorphism of the DRD4 gene. Of particular importance is the implication for the attentional plasticity associated with the DRD4. These studies, together with previous work, suggest that the attentional system of DRD4 long allele carriers is more susceptible to environmental influence. Our results are the first to demonstrate this association using emotion stimuli in psychiatrically healthy samples. Future research should continue to investigate potential plasticity effects of candidate genes on intermediate phenotypes and endeavour to determine whether individual differences in these phenotypes confer susceptibility or resilience to future psychopathology dependent on environmental context.
